This study investigated the nature and asymmetric responses of volatility and also forecasted the exchange rate volatility taking into consideration the redenomination of the Ghanaian Cedi. To examine the nature and asymmetric responses of the volatility in the exchange rate returns GARCH(1,1)-ARMA(4,4) with Student's t-distribution and EGARCH(1,1)-ARMA(4,4) with General Error Distribution were used on daily nominal effective exchange rate. It was found out that previous day's news about conditional volatility increased the current day conditional volatility. But this effect had reduced considerably after the redenomination. In addition, the previous day's conditional volatility of exchange rate returns increased current day conditional volatility but after the redenomination previous day's conditional volatility decreased current day conditional volatility. Also, the volatility was asymmetric for the entire period and before the exercise, however, after the redenomination exercise volatility was symmetric. Also, conditional volatility in the foreign exchange market was very low and persistent in all cases but lowest after exercise. Finally, GARCH(1,1)-ARMA(4,4) estimate after redenomination of the Cedi was the best model that forecast the volatility in the exchange rate returns. Therefore, the redenomination of the Cedi had positive influence on the volatility in GHC-USD exchange rate return.
Introduction
In the present era of increasing globalization and heightened currency volatility, exchange rates have a substantial influence on operations and profitability of businesses of individual and cooperation. The volatility in exchange rate does not only affects multinational and large corporations but small and medium-size enterprises as well. It also affects businesses that operate in their home country. The understanding and managing exchange rate risk is a subject of importance to business owners and investors because of the huge impact it has on their investments. Exchange rate volatility refers to the tendency for foreign currencies to appreciate or depreciate in value against the domestic one. The volatility is the measurement of the amount that these rates change and the frequency of those changes. There are many instances when exchange rate volatility comes into play, including business dealings between parties in two different countries and international investments. Chen (2018) explained that businesses, all over the world, are exposed to three types of foreign exchange exposure caused by currency volatility. Firstly, transactional exposure; this arises from the effect that exchange rate fluctuations have on a company's obligations to make or receive payments denominated in foreign currency in future. This type of exposure is short-term to medium-term in nature. Next is the translation exposure which arises from the effect of currency fluctuations on a company's consolidated financial statement, particularly when it has foreign subsidiaries. This type of exposure is medium-term to long-term. Finally, economic (or operating) exposure which is least known than the previous two but is a significant risk. It is caused by the effect of unexpected currency fluctuations on a company's future cash flows and market value. It is long-term in nature and its impact can be substantial, as unanticipated exchange rate changes can greatly affect a company's competitive position, even if it does not operate or sell overseas.
From the above situation volatilities in exchange rate have enormous effects on life span of businesses. Also, in July 2007, there had been redenomination of the Cedi but how this affect the volatility in the exchange rate for that matter the risk in businesses is not known (Bank of Ghana Circular on the Redenomination, 2007). Therefore, it is very important to examine the nature and asymmetric responses of exchange rate volatility, hence, this study in Ghana. This study aims at modeling nature of exchange rate volatility and its asymmetric responses before and after redenomination exercise as compared to the whole period under consideration. This study will contribute to knowledge about the nature and asymmetric responses of exchange rate volatility before and after redenomination of the Cedi in Ghana specifically and the world at large. It will inform monetary policy makers, private and public investors, financial analysts, businesses and researchers in making informed economic and financial decisions about the transactions involving GHC-US$ exchange rate.
The rest of the study will be organized as follows; the literature review will cover empirical studies related to modelling exchange rate volatility, the method will cover the notable volatility models while estimation and discussion will follow. Finally, it will end with the summary, conclusion and recommendation.
Literature Review
Investigating the exchange rate volatility has remained very important as it has various implications on individuals and cooperate transactions as well as government policies. Therefore, most economists and researchers investigated these very important issues and some of them that are related to the current study are reviewed below. Tse (1998) examined the conditional heteroscedasticity of Japanese Yen to US dollar exchange rates using daily observations from 1978 to 1994. This study extended APARCH models to a process that was fractionally integrated and it was found that unlike the stock market the appreciation and depreciation shocks of the Yen against the US dollar affected future volatility in a similar fashion; that is volatility was symmetric. Therefore, it was concluded that there is no substantial difference between fractionally integrated models and stable models.
Also, Brooks & Burke (1998) used modified information criteria to select models from the GARCH family. This study used weekly exchange rate returns for the Canadian Dollar, German Mark and Japanese Yen to the US Dollar from March 1973 to September 1989 and the performance of different out-of sample models were compared. It was concluded that the out-of-sample forecasting accuracy of other models compared favorably on mean absolute errors but less favorably on mean squared errors with those generated by commonly used GARCH(1,1) models. Dhamija & Bhalla (2010) argued that conditionally heteroscedasticity models can be used to model exchange rate volatility. This study used daily exchange rates of British Pound, German Mark, Japanese Yen, Indian Rupee and Euro to model volatility. It was found that integrated generalized autoregressive conditional heteroscedasticity (IGARCH) and threshold generalized autoregressive conditional heteroscedasticity (TARCH) models performed better than others when forecasting the volatility.
Clement & Samuel (2011) modeled monthly exchange rate volatility in Nigerian Naira to the US Dollar and British Pound from 2007 to 2010. It was found that the exchange rate return series was non-stationary that the series residuals were asymmetric and volatility of return was persistent. In addition, Vee, Gonpot & Sookia (2011) used the daily exchange rates between the US Dollar and the Mauritian Rupee to examine the forecasting accuracy of GARCH(1,1) using Student-t-distribution and Generalized Error Distribution (GED). Comparing the mean absolute error (MAE) and root mean squared error (RMSE) of the models based on forecasting estimates. It was concluded that GARCH(1,1) with GED had better forecasting accuracy compared to that of Student's t-distribution.
Alam (2012) also used GARCH, EGARCH, TARCH and PARCH to model the Bangladesh Taka (BDT)-USD exchange rate using the daily foreign exchange rate series fixed up by Bangladesh Bank from 3rd July 2006 to 30th April 2012. The AR and ARMA models were used as benchmark results. It was found that all GARCH type models demonstrated that past volatility of exchange rate significantly influenced current volatility. Both the AR and ARMA models were found to be the best model for in-sample statistical performance whereas out-of-sample, GARCH models were the best model with transaction costs and the TARCH model was nominated as the best model without transaction costs. The EGARCH and TARCH models outperformed all the other models for in-sample and out-of-sample trading performance outcomes, respectively, including transaction costs.
In addition, Ramasamy & Munisamy, (2012) examined the daily exchange rates of Australian Dollar, Singapore Dollar, Thai Bhat and Philippine Peso using GARCH, Glostern-Jagannathan-Runkle GARCH (GJR-GARCH) and EGARCH models. It was found that GARCH models were efficient for predicting exchange rate volatility. Also, concluded that the improvements made by leveraging on EGARCH and GJR-GARCH models did not improve forecasting accuracy.
Ün (2013) modeled the exchange rate volatility of MIST (Mexico, Indonesia, South Korea and Turkey) countries to the US Dollar using asymmetric GARCH models. Monthly exchange rate from 1993 to 2013 were used to investigate leverage effects and fat-tailed features. It was found that there exists asymmetric and leverage effects in the exchange rates of MIST countries to the US Dollar.
Finally, Abdullah, Siddiqua, Siddiquee & Hossain (2017) also used GARCH models to examine and forecast exchange rate volatility in Bangladesh. This study aimed to address the issue of error distribution assumption in modeling and forecasting exchange rate volatility between the Bangladeshi Taka (BDT) and the US Dollar. Using daily exchange rates from January 1, 2008 to April 30, 2015 to model dynamics following GARCH, Asymmetric Power ARCH (APARCH), EGARCH, TARCH and IGARCH processes under both Normal and Student's t-distribution assumptions for the errors. It was found that in contrast with the normal distribution, the application of Student's t-Distribution to the errors of mean equation helped the models to satisfy the diagnostic tests and show improved forecasting accuracy. With such error distribution for out-of-sample volatility forecasting, AR(2)-GARCH(1,1) was considered to be the best.
From the above empirical studies it is not conclusive which GARCH family model best modeled the nature, asymmetric responses and forecast the exchange rate volatility. Also, there had not been any of such study. Therefore, this study will used Ghana's data to investigate the nature, asymmetric responses and the forecasting ability of the GARCH models taking into consideration the redenomination of the Ghanaian Cedi in July, 2007. This 294 study will contribute to knowledge on modeling and forecasting the exchange rate volatility. It will also inform the main stakeholders about the nature and asymmetric responses of the exchange rate volatility in the market. Hence, it will be contributing significantly to efficiency in managing foreign exchange transactions in Ghana and the world at large.
3.
Methodology Bollerslev (1986) introduced the generalized autoregressive conditional heteroscedasticity (GARCH) models for the analysis of conditional volatility. This model introduced had advantage of being easy to estimate, however, GARCH only captured some of the skewness and leptokurtosis (fat tails relative to the normal distribution). Nelson (1991) pointed out the evidence of asymmetric responses, suggesting the leverage effect and differential financial risk depending on the direction of price change movements. To overcome the assumption of symmetric response in GARCH, Nelson (1991) introduced Exponential GARCH (EGARCH) models with a conditional variance that successfully captured asymmetric response. Thereafter, more and more models to capture leverage effect were specified and some of these models will be applied in this study.
The data used in this study was daily nominal effective exchange rate (five business days in a week). This was converted from monthly average of the nominal effective exchange rate of GHC-US$ from 08 th January, 1988 to 31 st December, 2018 from Bank of Ghana's database. Usually, the nominal exchange rates series is non-stationary, therefore, it will be converted to the rate of return on the exchange rate by logarithmic transformation as shown in equation [1] below. In modeling the conditional volatility, let Et, t = 1, 2… n, be the GHC-USD exchange rate. Usually Et displays unit root behaviour as such cannot be modeled as a stationary variable, therefore, the log-return (Rt) on Et is used to model GARCH family models. The log-return of exchange rate (Rt) is usually expressed as:
It has been established that when modeling volatility using GARCH family models appropriate specification of the mean equation is very important. The mean equation misspecification may fail to address the heteroscedasticity problem that may arise in the volatility model. In this study various specifications of the mean equation will be estimated and tested for the presence of heteroscedasticity. The appropriate mean equation will be used with the various GARCH family models. The models that passed the tests will be selected for estimation and discussion. The GARCH family models consist of two parts: the mean equation and the variance equation. The mean equation in this study is specified as; 
where c is constant term, i is the optimal lag of ARMA (Autoregressive Moving Average) term that makes coefficients significant, ai and kj are coefficients of the ARMA terms, respectively and eterror term. To model the conditional variance or volatility in the exchange rate returns three GARCH family models will be used; namely GARCH(1,1), TARCH(1,1) and EGARCH(1,1) with appropriate mean equation. The variance equation or the GARCH family models can be specified in various forms depending on the specification of Ht. In this study the following specifications of the GARCH family models will be estimated to model the volatility in exchange rate returns.
The Generalized Autoregressive Conditional Heteroscedasticity GARCH(1,1)
This model allows the conditional variance to be dependent on its own previous lags and previous lag of square residuals of the mean equation. It was specified as:
where H 2 tconditional variance of the residual derived from the mean equation and is also known as current day's variance of conditional volatility of exchange rate return or conditional volatility. H 2 t-1 -previous day's conditional variance of exchange rate returns and is also known as the GARCH term. Also, e 2 t-1 -previous day's news about conditional volatility also known as the ARCH term and is measured as the lag of the squared residual from the mean equation.  -constant term, coefficient of ARCH term and coefficient of GARCH term. For the variance to remain well behaved  >0, 0   and 0   , also, the sum of coefficient of ARCH and GARCH terms should be less than one;  +  <1, to ensure that the series is stable and the variance is positive.
3.2
The Threshold GARCH, TARCH(1,1) Zakoan (1994) and Glosten, Jagannathan & Runkle (1993) introduced generalized autoregressive conditional heteroscedasticity to analyze the leverage effect and was specified as
Where dt-1 = 1 if et-1< 0 and zero otherwise. In this model, good news, 1 0 t e   and bad news 1 0 t e   , have different effects on the conditional variance; good news has an impact of while bad news has an impact of +  . If  > 0, bad news increases volatility hence there is a leverage effect, if 0   , the news impact is asymmetric.
3.3
The Exponential GARCH, EGARCH (1,1) Nelson (1991) proposed EGARCH model to examine the asymmetric effect of the conditional volatility and was specified as:
where logH 2 tthe natural logarithm of conditional variance, this implies that the leverage effect is exponential rather than quadratic and that forecasts of the conditional variance are guaranteed to be non-negative, log(H 2 t-1)previous day's natural log of conditional variance, constant term, parameter represents a magnitude effect;  -parameter measures the asymmetric or the leverage effect, the parameter of importance so that the EGARCH model allows for testing of asymmetries. If 0   , then the model is symmetric; that is with the same magnitude of shock occurring positive shocks (good news) generate the same volatility as negative shocks (bad news); if 0   , there is presence of leverage effect; that is with the same magnitude of shock occurring negative shocks generate more volatility than positive shocks; finally, if 0   , the impact is asymmetric, it implies that with the same magnitude of shock occurring positive shocks generate more volatility than negative shocks;.
measures the persistence in conditional
volatility irrespective of what is happening in the foreign exchange rate market and when it is relatively large, according to Alexander, (2009), then volatility takes a long time to die out following a shocks in the market.
Long Term Volatility
The unconditional variance or long term volatility is the variance of the unconditional returns distribution which is assumed to be constant over the entire period under consideration. It corresponds to a long term average value of the conditional variance. According to (Alexander, 2009 ) without the market shocks the EGARCH variance will ultimately settle down to a steady state value and this value is the unconditional variance of the EGARCH model. The long term or unconditional variance is formulated by substituting The unconditional volatility is the square root of equation [7] . If unconditional volatility is relatively large then long term volatility in the foreign exchange market is relatively high.
Model Evaluation
The error term from the variance equations estimated will be evaluated based on the econometric problems; namely heteroscedasticity, serial correlation or autocorrelation and normality tests. For good model the residual should not have serial correlation, not have ARCH affect or should be homoscedastic and finally be normally distributed. Therefore, for a model to be selected for estimation it has to pass at least two out of the three tests. Hence, the following hypotheses will be tested at 5 percent level of significance on the error term of the various variance equations estimated. Firstly, the serial correlation will be tested using a correlogram of squared residuals, the Q-statistics and the corresponding p-value will be examined. The alternative hypothesis below will be rejected if all the corresponding p-value associated with Q-statistics are greater than 0.05.
H0: There is no serial correlation in the error term. H1: There is serial correlation in the error term. Also, the heteroscedasticity will be tested using an ARCH-LM test, the Chisquare and the corresponding probability will be examined. The alternative hypothesis will be rejected if the corresponding p-value is greater than 0.05.
H0: There is no ARCH affect or there is no heteroscedasticity. H1: There is ARCH affect or there is heteroscedasticity. Finally, histogram-normality test will be used to check the normality of the residual terms. Jarque-Bera statistics with the corresponding p-value will be examined. The alternative hypothesis will be rejected if the corresponding pvalue is greater than 0.05.
H0: The error term is normally distributed. H1: The error term is not normally distributed.
Forecast Evaluation
The following measures will be used to assess the forecast power of the out-of-sample forecast; Mean Square Error (MSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error and Theil Inequality Coefficient. The lower these criteria the better forecast.
Result and Discussion 4.1 Descriptive Statistics of the Daily Exchange Rates Returns
The summary statics of daily exchange rate return is shown in Table  1 . From the table, the daily exchange rate returns had a mean of 0.0144 with standard deviation of 0.1715. The maximum return was 2.392 while the minimum was -2.431. The exchange rate returns was skewed slightly negative with value of 0.5428 and kurtosis value of 121.89 which showed that the distribution is nearly closed to symmetry and it was highly leptokurtosis in nature. The Jarque-Bera statistics with corresponding probability value showed that the exchange rate returns is not normally distributed. The graph of the exchange rate, Figure 1 , showed that the series was not stationary while the graph of exchange rate returns, Figure 2 , showed a stable series. From Figure 2 , high shocks generates higher shocks while low shocks results into smaller shocks in otherwise high volatility generates higher volatility while low volatility results into smaller volatility. The result of unit root test of the exchange rate return is shown in Table  2 . From the table, the exchange rate return did not have unit root in level, therefore, the series was stationary in level. 
Results of Heteroscedasticity Test
The summary of the estimation of the mean equations with the test for heteroscedasticity in the error terms were shown in the Table 3 . From the table, the mean equations were specified and estimated with constant and trend to ARMA (5, 5) . The result showed that from mean equation one up to the mean equation five (ARMA(4,4)) there were heteroscedasticity in the error terms. The mean equation five had the lowest AIC, therefore, the GARCH, TARCH and EGARCH models were estimated using the fifth mean equation with sensitivity of the error term being assumed to have normal distribution, generalized error distribution or student-t distribution. 
Model Selection
The summary result of the GARCH, TARCH and EGARCH models with second order using the fifth the mean equations were shown in appendix 1. All these estimations were evaluated for heteroscedasticity, serial correlation and normality problems in their respective residuals. From the evaluation, GARCH(1,1)-ARMA(4,4) with Student-t-distribution, TARCH(1,1)-ARMA(4,4) with Student-t-distribution and EGARCH(1,1)-ARMA (4, 4) with General Error Distribution were the best among those that passed heteroscedasticity and serial correlation tests. Therefore, GARCH(1,1)-ARMA(4,4) with Student-t-distribution was used to examine the nature of volatility. The TARCH(1,1)-ARMA(4,4) having Student-tdistribution and EGARCH(1,1)-ARMA(4,4) having General Error Distribution were considered for the asymmetric responses in the conditional variance. From the table, considering the loglikelihood and the AIC of these two models the EGARCH(1,1)-ARMA(4,4) with General Error Distribution had higher loglikelihood and lower AIC. This implied that EGARCH(1,1)-ARMA(4,4) performed higher and better fit the data more than TARCH(1,1)-ARMA (4, 4) . Hence, the EGARCH(1,1)-ARMA(4,4) with General Error Distribution was used to examine the asymmetric responses of the volatility.
4.4
The Nature of Volatility: Whole Period, Before and After the Redenomination of the Cedi The GARCH(1,1)-ARMA(4,4) estimate for the whole period under consideration for exchange rate volatility with the assumption of Student-tdistribution is shown in Table 4 . The diagnostic tests the estimate are shown in Appendix 2A, B and C. From the result, GARCH(1,1)-ARMA(4,4) estimated the residuals were homoscedastic and also did not have serial correlation. From the table, the constant term, coefficient of the ARCH and GARCH terms were positive as expected. The sum of the coefficients of the ARCH and the GARCH terms were less than one which showed that conditional variance under the period considered was stable and positive. The constant term was0.0000434 with z-statistics (8763.06) and p-value of zero. Since the p-value is less than 0.05 the constant term was significant. This showed that if all other effects in the model were equal to zero then the conditional volatility of daily exchange rate return will be equal to the constant term which is very small and significant. Considering the ARCH term, the coefficient was 0.6188 with z-statistics (34.5688) and p-value of zero. Since the p-value is less than 0.05 the ARCH term was significant. This showed that previous day's news about conditional volatility (due to depreciation or appreciation in the exchange rate) increased the current day conditional volatility by 62 percent. The coefficient of the GARCH term was 0.01595 with z-statistics (3.1745) and p-value of 0.0015. Since the p-value is less than 0.05 the GARCH term was significant. This showed that previous day's conditional volatility of exchange rate returns increased the current day conditional volatility 1.5 percent. Considering the dummy for the redenomination, the coefficient was -0.0000434 with z-statistics (-87934) and p-value of zero. Since the p-value is less than 0.05 the effect of redenomination of the cedi on conditional volatility was significant. This means that volatility had reduced significantly as compared to the period before the exercise. Therefore, there was a change in the nature of the volatility of cedi after the exercise and this is examined below. The GARCH(1,1)-ARMA(4,4) estimate for the sampled period before the redenomination of the Cedi is shown in Table 5 . From the table, the constant term, coefficient of the ARCH and GARCH terms were positive as expected. The sum of the coefficients of the ARCH and the GARCH terms were more than one which showed that volatility under the period considered was explosive and non-positive. The constant term was 1.19E-13 with zstatistics (8.086) and p-value of zero and was significant. This showed that if all other effects in the model were equal to zero then the conditional volatility of daily exchange rate return will be equal to the constant term which is very small. Considering the ARCH term, the coefficient was 2.1164 with zstatistics (62.2283) and p-value of zero and was significant. This showed that previous day's news about conditional volatility increased the current day conditional volatility. The coefficient of the GARCH term was 0.000461 with z-statistics (5.5663) and p-value of zero and was significant. This also showed that previous day's conditional volatility of exchange rate returns increased the current day conditional volatility. The GARCH(1,1)-ARMA(4,4) estimate for the sampled period after the redenomination of the Cedi is shown in Table 6 . From the table, the constant term and coefficient of the ARCH were positive as expected but the 304 coefficient of the GARCH terms was negative. The sum of the coefficients of the ARCH and the GARCH terms were less than one which showed that volatility after the redenomination was stable and positive. The constant term was 1.82E-09 with z-statistics (29.2761) and p-value of zero and was significant. This shows that if all other effects in the model were equal to zero then the conditional volatility of daily exchange rate return will be equal to the constant term and is very small. Considering the ARCH term, the coefficient was 0.5178 with z-statistics (20.9783) and p-value of zero and was significant. This showed that previous day's news about conditional volatility increased the current day conditional volatility. The coefficient of the GARCH term is -0.04771 with z-statistics (-1.9754) and p-value of 0.0482 and was significant. This showed that previous day's conditional volatility of exchange rate returns decreased the current day conditional volatility. In sum, the ARCH terms for the three periods considered were positive showing that previous day's news about conditional volatility increased the current day conditional volatility. But whole period under consideration and period before the implementation of redenomination the ARCH terms were more than one, however, ARCH term was less than one after the redenomination. This means that after the redenomination the effect of previous day's news about conditional volatility was very low. Considering the GARCH terms for whole period under consideration and period before the implementation of redenomination the GARCH terms were positive but less than one however, after the redenomination GARCH term was negative. This shows that previous day's conditional volatility of exchange rate returns decreased the current day conditional volatility after the redenomination.
Asymmetric Responses of the Volatility
The EGARCH(1,1)-ARMA(4,4) estimate for the whole period under consideration for exchange rate volatility with the assumption of General Error Distribution is shown in Table 7 . The diagnostic tests are shown in Appendix 3A, B and C. From the result, EGARCH(1,1)-ARMA(4,4) estimated the residuals were homoscedastic and also did not have serial correlation. From the table, the constant term in the model was -8.6128 with z-statistics (-94.65) and p-value of zero. Since the p-value is less than 0.05 the constant term was significant. This showed that if all other effects in the model were equal to zero then the conditional volatility in daily exchange rate return will be exp(-8.6128) which was0.000182unit.The coefficient of the magnitude effect of 0.1384 with z-statistics (98.842) and p-values of zero. Since the p-value is less than 0.05 this effect was significant. The magnitude effect had significant impact on current daily conditional volatility in exchange rate return. In addition, the coefficient of the asymmetry or leverage effect was 0.1115, zstatistics (88.4889) with p-value of zero. Since the p-value is less than 0.05 the effect was significant. The coefficient was positive showing that the impact was asymmetric. This implied that with the same magnitude of shock occurring positive shocks generate more volatility than negative shocks. Finally, the coefficient of persistence in conditional volatility irrespective of whatever happened in the market was 0.4719 with z-statistics (84.57) and pvalue of zero. Since the p-value is less than 0.05 the persistence in conditional volatility was significant. The persistence in conditional volatility in the market was small and statistically significant. This means that the conditional volatility in the market will not take a long time to die off when there is shock in the foreign exchange market. Considering the dummy for the redenomination, the coefficient was -0.0000434 with z-statistics (-87934) and p-value of zero. Since the p-value is less than 0.05 the effect of redenomination of the cedi on conditional volatility was significant. This also confirmed that volatility had reduced significantly after the redenomination exercise. Therefore, there was change in the conditional volatility of cedi after the exercise and this is examined below. The long term volatility for the whole series was0.029 percent which means that in case of any shock it will not take long time for volatility in the market to die out. Table 7 : EGARCH(1,1)-ARMA(4,4) estimate for all the period, GHC-US$, Jan. 1988 to Dec. 2018 LOG(GARCH) = C(11) + C(12)*ABS(RESID(-1)/@SQRT(GARCH(-1))) + C(13)*RESID(-1)/@SQRT(GARCH(-1)) + C(14)*LOG(GARCH(-1)) + C (15) 
The EGARCH(1,1)-ARMA(4,4) estimate for the sampled period before the redenomination of the Cedi is shown in Table 8 . From the table, the constant term in the model was -8.8921 with z-statistics (-37.6127) and pvalue of 0. This showed that if all other effects in the model were equal to zero then the conditional volatility in daily exchange rate return will be exp(-8.892119) which was equal to0.000137 unit. The coefficient of the magnitude effect was-0.018883 with z-statistics (-55) and p-values of zero. From the result, the effect has significant impact on current daily conditional volatility in exchange rate return. From the table, the coefficient of the asymmetry or leverage effect was0.012956, z-statistics (47) with p-value of zero and was significant. The coefficient was positive showing that the impact was asymmetric. This implied that with the same magnitude of shock occurring positive shocks generate more volatility than negative shocks. Finally, the coefficient of persistence in conditional volatility in the market was 0.299211with z-statistics (16) and p-value of zero. The persistence in conditional volatility in the market was small and statistically significant. The unconditional variance or long term volatility for the series before redenomination exercise was 0.176 percent which means that in case of any shock it will not take long time for volatility in the market to die out. 
The EGARCH(1,1)-ARMA(4,4) estimate for the sampled period after the redenomination of the Cedi is shown in Table 9 . From the table, the constant term was -0.5437 with z-statistics (-12.9282) and p-value of zero. This showed that if all other effects in the model were equal to zero then the conditional volatility in daily exchange rate return will be exp(-0. 5437) which is 0.580623 unit and it was significant. The coefficient of the magnitude effect was 0.245653 with z-statistics (16.7416) and p-values of zero. From the result, the magnitude effect had significant impact on current daily conditional volatility in exchange rate return. From the table, the coefficient of the asymmetry or leverage effect was 0.006068, z-statistics (0.690) with p-value of 0.4896 and therefore, was not significant. Since the coefficient was positive and not significant the impact was symmetric. This implied that with the same magnitude of shock occurring positive shocks generate the same volatility as negative shocks in the foreign exchange market. Finally, the coefficient of persistence in conditional volatility was 0.972 with z-statistics (368) and pvalue of zero. The persistence in conditional volatility in the market was small and statistically significant. The unconditional variance or long term volatility for the series after the redenomination of the Cedi was 0.006 percent which means that in case of any shock it will not take long time for volatility in the market to die out. Table 9 : EGARCH(1,1)-ARMA(4,4) estimate after the redenomination of the cedi, GHC-US$, July 2007 to Dec. 2018 LOG(GARCH) = C(11) + C(12)*ABS(RESID(-1)/@SQRT(GARCH(-1))) + C(13)*RESID(-1)/@SQRT(GARCH(-1)) + C(14)*LOG(GARCH(-1)) 
In sum, the magnitude effect for the whole period the effect was positive but less than the effect after the implementation of redenomination. However, it was negative for the period before the implementation of redenomination. Considering the coefficient of the asymmetry or leverage effect in whole period under consideration and period before the implementation of redenomination the volatility was asymmetric. This finding confirmed (Clement and Samuel, 2011 ) that the volatility of return in the market was asymmetric and persistent. However, the period after the redenomination exercise volatility had taken a different turn; the impact was symmetric supporting Tse (1998) that the appreciation and depreciation shocks of the Yen against the US dollar affected future volatility in a similar fashion. Finally, conditional volatility in the foreign exchange market was persistent and significantly low in the three period considered. However, the persistence in conditional volatility was more after the redenomination exercise but less than one. In ranking the unconditional variance or long term volatility for the whole series was lower, before and after the redenomination of the Cedi were low and lowest, respectively. From the result, the long term volatility before redenomination of the Cedi was relatively higher as compare to the whole series. But after the redenomination exercise the long term volatility had reduced comparatively.
Out-sample Forecast Evaluation
To check the forecast accuracy of the GARCH family models Mean Square Error (MSE), Mean Absolute Error (MAE), Mean Absolute Percentage Error and Theil Inequality Coefficient for the out-sample forecast were considered and summarized in Table 10 . From the table, considering forecast evaluation criteria for GARCH(1,1)-ARMA(4,4) with student's t-distribution at the period before and after redenomination of the Cedi and all period under consideration the result showed that the forecast after the redenomination of the Cedi was the best in all criteria as compared the whole period and before redenomination of the Cedi. From the table, considering forecast evaluation criteria for EGARCH(1,1)-ARMA(4,4) with general error distribution at the period before and after redenomination of the Cedi and all period under consideration the result showed that the forecast before and after the redenomination of the Cedi and the whole period was the best in one, two and one criteria, respectively. Therefore, the whole series best forecast volatility under EGARCH(1,1)-ARMA (4, 4) .Comparing GARCH and EGARCH, GARCH(1,1)-ARMA(4,4) after redenomination of the Cedi best forecast the volatility. This result confirmed Abdullah, et al (2017) and Vee, Gonpot & Sookia (2011) who concluded in their study that GARCH(1,1) was the best model in forecasting volatility but was contrary to Dhamija & Bhalla (2010) who concluded that (TARCH) model performed better than others when forecasting the volatility. 
Summary and Conclusions
This study aimed at investigating the nature of volatility in exchange rate returns and its asymmetric responses. Also, forecast the exchange rate volatility. To model the conditional variance or volatility in the exchange rate returns GARCH(1,1)-ARMA(4,4) with Student-t-distribution was used to examine the nature of volatility and EGARCH(1,1)-ARMA(4,4) with General Error Distribution was used to examine the asymmetric responses. Daily nominal effective exchange rate of GHC-US$ from 08 th January, 1988 to 31 st December, 2018 was used. The result from GARCH(1,1)-ARMA(4,4) showed that the previous day's news about conditional volatility increased the current day conditional volatility. But this effect after redenomination has reduced. Also, the previous day's conditional volatility of exchange rate returns for the whole period and period before the exercise were positive but less than one, however, after the redenomination it was negative. This shows that previous day's conditional volatility of exchange rate returns decreased the current day conditional volatility after the redenomination. The result from EGARCH(1,1)-ARMA (4, 4) showed that the magnitude effect for the whole period was positive but less than the effect after the implementation of redenomination. However, it was negative for the period before the implementation of redenomination. Considering the coefficient of the asymmetric effect for whole period and period before the implementation of redenomination the volatility was asymmetric, however, after the exercise volatility was symmetric. Also, conditional volatility in the foreign exchange market was persistent and significantly low in the three period considered. The long term volatility after redenomination of the Cedi was relatively lowest as compare to the whole series and before the redenomination exercise. Finally, GARCH(1,1)-ARMA(4,4) after redenomination of the Cedi was the best model that forecast the volatility in exchange rate returns. Therefore, the redenomination of the Cedi had positive influence over the volatility in GHC-USD exchange rate.
